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ABM 18, a small heat-stable bactertotih produced by Lactobacillus salivarius 
subtp. satfiVBrttis UCCHfif a strain isolated from the ileaj-cawc*! region of the 
human gastrointestinal tract Was purified to htrnioueneity. Using reverse 
genetics, a DflA fragment specifying part of ABP-118 was identified on a 
10769 bp chromosomal region. Analysis of this region revealed that ABM 18 
was a Class lib two~peptide bncterEwcKti composed of AbpllSo; whirii exhibited 
th» antimicrobial activity, and Abpllty?, which enhanced the antimicrobial 
activity, The gene conferring strain UCC118 immunity to the action of ABM 18, 
abpfltf, was identified downstream of the abpll&^gene. Located further 
downstream of abpHBf}, several ORB were identified whose deduced proteins 
rerambl nd those of proteins involved in bzjetcriocin regulation and secretion. 
HelerofOQOU* expression of ABM18 was achieved In L&ttaiwtiltus p/ap&trum, 
Lactacatcttx factix and B trill us coram. In addition, the nhpllB focus encoded an 
inducing peptide, AbpJP, which was shown to play a rote to the regulation of 
ABP-118 production. This novel bacteHocjn is, to the authors' knowledge, the 
first to be isolated from a known human probiotic bacterium and to be 
characterised as* the genetic level. 



Keywords: lactic acid bacrerii, rwo-pepdde bacceriodn, bacterial immunity 



INTRODUCTION 

Health -promoting bacteria, more generally referred to 
asprobiotks, have been shown to improve the intestinal 
microbial balance and the properties of the indigenous 
microflora [Naidu pi aU 1999)- The intestinal probiotic 
microflora is believed to promote health directly through 
its metabolic activities and its physical presence^ pro- 
viding benefits such as the competitive exclusion of 
medically significant pathogens, stimulation of the 



Abbreviation*: ABC ATP-brhdind casSctta; AbjtfP, induction factor, AU, 
activity unit: flfic bpcrwlodn produaton; CF5, as\)-1rtt supwnaiartt; lAB, 
tactic add bacteria; UamhbdWm s&ttmtus. uctotacMus wWusifys jubjp. 

Tht fieijBanfc accis^on number for (lift sequence reported fn Thfc paper ij 
AT4OB40S. 



immune system* and treatment and neutralization of the 
side effects of antibiotic rherapy (Matrila-Sandholm ct 
aU 1999), Probiotics have been defined as living micro- 
organisms which upon ingestion tit adequate numbers 
exert positive health effects beyond inherent basic 
nutrition (Guarner & Sehaafsma, 199S}. One of the 
desirable properties of a probiotic strain is the ability to 
produce antimicrobial substances such as bacteriocins 
(Mattjla-Saudbolm ct a/ n 1999). 

Bacteriocins are ribosomally synthesized, cxtraccllularly 
released bioactivc peptides or peptide complexes that 
haye a bactericidal or bacteriostatic effect on other 
(usually closely related) species. In all cases, the producer 
cell exhibits genetically encoded immunity to die action 
of its own bacteriocin {Kiaenhammer 3 1993 ; Nes et <z/ 
199$}* Based on their composition, size, heat stability, 
mode of action, mechanism of export and inhibitory 
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spiictrnm, bacteriocins produced by lactic add bacteria 
(LAB) can bis categorized into diree or four classes 
(Klauanharomcr, 193 3 j Nes *f 1996), of which Class I 
and Class H are the motfc prevalent. Class I bacceriodns 
- the so-called hntibiorics - are small heat-stable: 
peptides that owe cheir name to the modified amino 
acids with intramolecular diiocthec rings, such as 
lawhfcminc and /^mcdiyl-lanrbioninc, present in rheir 
structures. Class II bactcriodrss - 1 the smajl hcat-stablc 
non-Iantihiotics - are subdivided into three subcate- 
gories, Ua> pediocin-lilce bactenocine wkh strong artti- 
Hsterial effects and a conserved N-termJnal YGNGVXC 
consensus niorif within the mature peptide; Hb» bac- 
tcriocins whose activity depends on the complementary 
activity of two pupddes; and He, bacterioq'ps whose 
secretion is sec dependent (Klaeohamtwer 4 Nes et 
aU 1^6). 

Most of the bacteriocins identified so far are synthesized 
as pre~pcptidcs and contain an N-termind leader 
sequence, which 3s removed upon cxttrrmli ration of the 
bacteriorin (Havarstein et al„ t 1995), The synthesis and 
ejtport of these ^c-indcpcndent bacteriocins relies upon 
a minimal genetic structure, generally consisting of four 
to five clustered genes. Such a haaeriocin gene cluster is 
composed of one or two struciuril genes (two in the case 
of Class lib bacceriodnsK encoding the pre*bacxeriO" 
cin(s) and a specific immunity gene, which is located 
next to the structural gene(s), Fnrthemiore A the cluster 
includes a gtrnc encoding an ATP-bi ndtag cassette (ABC) 
transporter and a gene encoding an accessory protein, 
both of which are required for the efficient processing 
and externaJi/.ation of the bacteriocin (except in die case 
of the Class Ik bacreriodns) (Ne& &t aU The N- 
terminal leader sequence of the pre^bactcriocin serves 
as a recognition signal for the activation of the ma- 
ture bacceriocirt by cleavage of the leader peptide by 
the proteolytic domain of the transporter protein 
(Havarstdn et ai, 1994, 1995). Additional genes may be 
present in a bacteriorin gene cluster* mch as those 
regulating bacteriocin production. In several cases, the 
regulation of bacteriocin production has been shown to 
be dependent on a so- called three-component regulatory 
mechanism, consisting of a small induction peptide 
(which also contains a haaeriorin-like leader peptide 
that may even act as a bacteriocin) > a histidine protein 
kinase and a response regulator [for reviews see 
Kleerebewm et at. {1997) and Ne$ 6C Eijsink (1999)1 
This three-component regulatory system acts as a 
quorum-sensing device^ coupling co-ordinated bacterio- 
cin production by a particular strain to its cell density. 

In phis study, we describe the purification and functional 
characterization of a locus involved in the production 
of a novel two-component baaeriociru designated 
ABP-118, produced by the probiotic strain Lacto- 
bacillus salivarius subsp, sativatim (Lactobacillus salt* 
varius) UCCHB. We demonstrate that a 10-77 kb 
chromosomal region o£ this strain is sufficient for 
bacteriocin production and for conferring immunity to 
Lactobacillus salivarhfs UCC11B against its own bac- 
teriocin. 
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METHODS 

Bacterial strains, plasmids and culture conditions Bacterial 
strains and plaiauids used in this study are listed in Tabic 1- 
Lactobacillus sativartus UCCI1S was originally isolated from 
the human ^aatroinccstMul tract, aa described previously 
(Dunne et s/„ 1999). Lactobacillus steams were cultivated in 
MRS broth (Oxoid) at 37 *C under anaerobic {with the Merck 
Anacrocuk A gas pafc system) and 3crobic conditions. 
Lactobacillus strait™ were also cultivated in wore ob pained 
from the University College Cork pilofplanc brewery [the 
relative density of the wort was V%\ ; the wort was made by 
using a standard mauhiiig procedure (AnalynVa-EBG 4,5 1)] 
Lactococcal strains were routinely propagated at 30 °C with 
aerarion in M 17 broth (Oxoid) containing &-S % (w/y) glucose 
(GMl7)„ Escherichia colt and Bacillus strains were grown at 
37 c CmLurk-Bcrrani (LB) broth ffiambrook eta!. s 1989) and 
ra trypronj; soya broth (Oxoid) supplemented with 06% 
{w/vj yeast extract (TS&+YE) with vigorous agitations 
Listeria strains were grown at 37 °C in TSBi-YE without 
agitation. The agar media worn prepared by adding J\5% 
<w/v) granulated agar {Ditto) ro the broth media; overlay 
agar* were prepared by the addition of % j w/v) granulated 
agar to the broth media, Anribtoric&used in the pel ccrive media 
Were added at the following Concentrations ampicilliru 
100 tig ml" 1 ; chloramphenicol, IQwmV 1 (Escherichia cub), 
I0j*gm! 1 [Lactobacillus plantanmi, Bacillus and Listeria 
strains) or 5 fig ml' ' {Lattococcus laais)- t and eryrhro* 
mycin, 6 jig ml 1 [Lactobacillus platitarum) s 5 \i&m\ 1 {Lac* 
tococcus lactis and Listeria strains) or 4 pg ml " l {Badllus 
ptcuinti), iB agar supplemented with 100 raM JPTG ml -1 and 
40 me X-Gal ml -1 was used fur the selection of rransformantti 
harbouring recombinant pGEM-T or pBluciiCript plaBmidu- 
The chemical reagents listed were obtained from Sigma . 

Bacteriocin atfivrty and immunity assays, The bacteriocin 
activity present in the neutralized (pH 6-5) cell "free super- 
natant {Cr"fj) of a producing eultuce and the activity at purified 
bacteriocin Wert determined by cridcal dilncion using die: 
tUrscti spot-on-lawn aseay (Mayr-Harting ct aL, 1972) or the 
agar Well-diffusion assay (ParcnCc & Hill, 1992), Activity Unirfi: 
(AUs) per miUiljcre wctc detenptned as the inverse of tta last 
dilution au which growth inhibition wao ttnll deferable. 
Bacillus ca&KuIam was used as the srandard indicator erram, 
unlew* otherwise £tatcd> The level of in?municy ot Lacto- 
bacillus Sttl'wdtiuS to Was tested Usitig 
conccnctace4 ABF-118, obtain^ following ^mmoniuoi <wl- 
phare pre dpi ran tin {^0% ,w/v, saturation) of the CPS from a 
culture of Lactobacillus satiuarius QCCliS grown ro early- 
sirationary phase and the subsequent dialysis of the re- 
dissolved protein precipitate described by O'Kccffc <it d\ 
(1999). 

puntlration of ABP-11& AB?-11S was purified from ? 1-mczw 
bacillus saUvarius UGC11S culrure that had b*ren grown in 
MRS broth at 37 °C unci) early-srarionary phase (OD^n 
•^0*3). The purifieadon procedure was cssendally that used 
for the purification of eoltcm V (Havarstein et al y 1994) T 
involving ammonium sulphate prcQpicarion followed by 
Ecoucndal hydrophobk interaction (Amhcrliw XAD-16; 
Sigma) and cation-exchange chroma tugraphy (iJP-Sepharose 
fast-flow; Pharmacia Biotech), with a final purification stap 
by reverse-phase cttromatogtaphy usinj; a C ? /C, rt colunm 
(P&pRPC HR.5/5) on an P?LC system Pharmacia Biotech) . 
Bacteriocin activity was elutcd from she rcVersc phase column 
widi a 40min linear gradient of 30-37% 2-pcopanoi in 
aqueous 0^1 % (v/v) rciiluoroaccdc acid (IT A), followed by a 
furrher 5 mirt ^radienr of 37-] 00% 2-propanol in aqueous 
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Table 1, Bacteria! strains and plasmlds used In this study 



Srxam/plasmid 


Relevant characteristics* 


Rcfcrcncc/sourcet 


Lfttiobtrilhr 






L salit/Mhts UCC118 


Wild'Cypc producer of ABP41B 


Dunne r t al (1599) 


L plamrttm NCIMB 8B26 


Isolated from human saliva 


NOMB 








UcXH eubfip* foctis Plannid-fircc strain containing tcnC and &?tD analoguec 


Vcucma et al (t$96) 


Ji (id Hits 






ft crrtu* ATCC 145^9 


Plasmid'tree mrain sensitive to ASP"! Iff 


ATCC 




Indicator strain sensitive to ABP-1 IS 


UCC 


Listeria 






L, /;ptf?cttd 


"*f M JJ^T-Aii f rw/trti r-nrtrni^ r ri A T^Tj lift 

indicator scram sensitive to nor-i 1a 




L WQ?tQcytQgwf$ Scott A 


Indicator strain sensitive to ABP-llS 












ntXl endAl $yrA96 thi bsdR17[t^ mj) ttlM supEW L{!ac-proAti) 
(F' fraDft' praAfl fcrfZAMlS) 


Promq»a 


eo&XL-l Blue 


wA2 ™<M? jsy/vtf6 bsdKJ7 supEfr re!A7 he (T pro^B focl'ZAMIS 
TnlOiTcr*} 


Strntageuc 


Plasmids 






pGEM-T 


3-0 kb PCR dining vector* *fccZ; Ap T 


Promega 


pUClS 


3-2 kb clnning Vector, *lacZ\ Ap r 


Yamsch-Pcrron at 






pBlucscript KS + 


30 kb cloiimg vector, qtta;/; Ap 1 


SCfata^car 


pMTL22 


al<lcZ\ Ap T 


Cbambers pi 


plL-253 


4*fi kb high-copy-numbcr vector; "Em* 


Simon «c Chopin (198ft) 


pNZ804fl 


Nifitn-inductble Escheridria coU-Lactococcus hais expression vectorj Cm r 


dcRuyrcr el al {im) 


P&Z44 


Escherichia asK-LQctGCtit£u% facth vector coutaininE P44 prcunotiirj Cm* 


McGrarJh etat (2001) 


pSFOl 


pGEM~T containing SO hp POt product corresponding!; tQ rhc N-termmat 
Afo^Ufk peptide 


This study 


pSFOZ 


pUClff containing a lO t7T Icb EcaRl fiapmenc specifying the penerie 
ioformarion for ABP-U8 production 


This fimdy 


pSF03 


pBlucficript containing the 10-77 Jcb abpllB locus 


Tiiis study 


p$F05 


pNZfiQ48 containing iG^lcb obpMS locus 


This study 


pSF07 


pNZflQ4S containing the ahpUS locus with Pwdl deletion in pbpn&K 


This scudy 


pSFMl 




This study 


pSFMl 




This atudy 


pfSFM3 


pNZ44(j^XM 


This scudy 


pSFJM 


pNZtf4 abpll8<£ abplM 


7™hiB study 


pfiFMT6 


plL253 containing constitutive PZ? promoter from Loctococcus teeth phage 
Tuc2009 upstream of a £*pT and abpD 


This scudy 



* Ap\ ampidJlm resistance; £jn T , crydiromycin fesistajQWj Cm r , chloramphciiicol rnsisranccy Tei r , tetnscyciinc resistance* 

f NCIMB, iSarioaal Culture of Industrial and Marine Baactia^ Aberdeen, UK; ATCC, American Type Culture Collection, Manassas, VA, 

\}Sk; UCC, University College Cork strain collL-tfi:iori fr 



01% TFA (flow rate of 05 ml min 1 ) - Fractions exhibits 
high baccetiocin activity were rrcc/^-tinictl, dissolved in 
aqutauHO'l % TFA w& rtf-rtm on fhc teverse-pb»«c column to 
remove any residual impurities- The enseal dilution method 
described above was used to i^uaripry the baoteriodn acrivity 
at the various steps of the purifies rion process. 

Amino add fit-quant* analysis and MS. Purged ABP41S was 
Kydrolyscd a.nd analysed on an amine* add analyucr v as 
desai hcti by Fyksc et al (1 958) , The amino aeU sequence ^wa^ 
dctermiricd by Edman degcqUanon vyich an Applied Bio* 
sy«rcm« model 477 A automatic sequencer equipped with an 



on-line 12QA phcnyifhiohydaritom amino acid analyser 
{CornweU etal, 1938). MS was performed with n Biosystcmff 
Voya&cT"DE 57^ Btospectromcrry Wod^tarion. 

DMA Lsotatinn- Plasmid DNf A was isolatcil from Escherichia 
zoli strains twing the Ql Aptep Spin Mini prep Kit {Qip^cn) and 
wacj isolated from hacnnoctMS lacti$ strains usinc mc method 
of Anderson & McKay (1933). Pksmid DNA from Larta- 
bacillus transformants wa» isolated by the method of Bimboim 
fit Doty (1979). HaciUus and U&cria plasmid DNA was 
isolated osing the QIAprep Spin Miniprcp Kit, following 
treatment oi a 30 ml culture of mid-exponential growing cells 
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with protoplast buffer (20 mM Tn>/HCI; 5mM EPTA; 
73 mM sucrose? 10 mg lysozyme ml ! ; 5pU rnucanoiy- 
sin ml~ l ) at °C for 30 min to effect cell lysis, Total genomic 
DNA of Lactobacillus salivurius UCC1I8 was isolated ac» 
cording Co the method of Pospiech & Neumann (W5) with 
some modifications (outlined below). Lactobacillus sativarius 
UCC118 was grown in ItiOml MRS supplemented with 
40 mM Dwbrconinc to an OD-^ of ~{>6 and harvested by 
centrifugation. The pelleted ecus were atorcd overnight at 
-20 *C Cells were lyt^d using lysozyme {Bmgml -1 ) in 
combination with mnranoi/irin (50 U ml"* 1 ) on ice for 45 min, 
followed by incubacion at 37 P C for 30 mm* Before adding 
SDS solution, 2 rag proteinase K ml"* was added ro the lysarc 
and is was incubated at 55 °C for a further 45 min* The DNA 
was further purified by CsCt density-gradient centrifugation 
{Sambrook ctal„, 19B9) 

PNA manipulations, Escherichia coii, Ltictoc&ccus hats, 
Lactobacillus. Listeria and ftacillns strain s were tran stormed 
bv elearoporarion by using the methods of Sambrook ct al> 
(1>89J, Hob & Nes (1989), Aulcursr & Blom {1992), Park 8c 
Stewart (1990) or Schurtcr <?r (158?). rcHpccrivcry, All 
eleccroporariuns were carried out widi the use of a Gene- 
Pulsar apparatus (Bio-Rad). Restriction enzyme^ RNase-frce 
DNasc, DNA ligasc and Shrimp alkaline phosphatase were 
used as directed by the manufacturer (Roche Diagnostics) „ 
PGR amplication wa& performed by standard procedures, 
withBlOTAQPNA polymerase fBiolineUK) or the Expand 
High fidelity PCR System (Roche Diagnostics) and by the Use 
of an Omnigene thermocycler (Hybaid), Thirty cycles of PGR 
were performed widuhc following conditions; 1 min at 94 °C T 
I min at an annealing temperature which ranged from 45 °C 
to SS °C and an elongation step of 1-3 min at 72 °C> 
Oligonucleotide primers for PCR and sequencing were syn- 
thcaiwd Uiing an Qligo IOOOM DNA Slynthcsifcer {Bcckman 
Instruments). DNA fragments were kola ted and purified from 
agarose gels using the GeneClean II Kit (BIO 101). PCR 
prtniucts were purified using the High Pure PCR Purification 
Kit (Roche Diagnoses) and cloned into die pjasmid vector 
pGEM-T (Promep). The PCR DIG Probe Synthesis Kit 
(Roche Diagnostics) was used ro generate a non-radioactive 
hybridization probe complementary to the e^uence specifying 
the N -terminal 26 aa sequence of rhe ABR-11& srrucnura I gene. 
Southern- and colony-blot hybridizations onto Hybnnc1«N + 
nylon membranes (Amersham) were performed by standard 
methods (Sambroolc at al t ]2S9); positive signals were 
deleted by using the DIG Detection Kit (Roche Diagnostics). 

DNA sequencing and analysis, DNA sequencing was per- 
formed using a 373 A automated DNA sequencer {Applied 
Biosysrcms) or theCFQ 2000 Dye Terminator Cycle Sequenc- 
ing Kic (Beckman Coulrcr), using synthetic oligonucleotide!) in 
a primer- walking strategy, AntiseuKe primers Were used to 
confirm rhe sequence on the complementary strand of DNA. 
Analyses of the DNA and protein sequences were performed 
using the dna STAR aoftware package- Datable searches ware 
performed using <he blast program (Altec hul et (tl„ 1937) T 
wkh die latest release of the n on -redundant databases of the 
NCBl (http,7/www ncbLnlm-nih.gov), The sequence pre- 
sented here has been uubmittcd to GenBanlt, where it baa been 
assigned rhe accession number AF-tOSMOS. 

PlBEmjel construrtiDn and rnutatjonai analysis. A number of 
strategies' were used to clone and analyse the genes involved in 
ABP-113 production and immunity, Plasmid pSFOl contains a 
DMA fragment corresponding r« rhc M-terminal sequence of 
the maturt AbpllSsc peptide cloned int* pGEXl-T (Pramcga). 
PiasmidpSF03 was constructed by cloning a I0 i 77kbchromcr 
Bomal JScoRI fragmenr, which contains the genetic information 



for ABP-118 producn't>n, into the FcoRI site of pBlncscript* 
The 10-77 Jtb fragment was excised from between the B^wHl 
and Xho\ sicet: of plsluescript and inserted into the fyj/Il and 
X*oI Kites of pNZSD48, to obtain plasmid p$P(J5. The 
restriction of p5F05 with Pi'«Il (the two PiwII sites of pSF05 
are located widnn the abp'UHx gene) and the tmbseqnent siilf- 
ligation of the resulting largest DNA fragment allowed the 
construction of pSF07 r containing an in-{ranie deletion of 
72 bp in the abpllitx gene The integrity of this deletion was 
conflrttted by sequence anajyutfir To investigate the role of 
tibptlSx, abpttSp and dbplM in ABP-118 production and 
immunity, pSFM1» pSFM2 and pSFM3 (Table 1) were 
generared by using high-fidelity PCR and ptimcrs which 
introduced restriction khcs zo facilitate cloning downstream of 
rhc constitutive lactococcal promoter in the expression vector 
P N244. The plasmid pSFMl consams the two proposed 
sa-y ccund genes for ABP-1 J 3 activity upstream of the proposed 
immuniry gene* whcre&a pSFM2 specifics only one of the 
proposed structural genes, abpl tSff, upstream of the proposed 
immunity gene. The pN&M derivative* pSFM3, cuntains c)te 
proposed ABP*11B immunity gene* abpiM,, on its own. The 
SOHing technique (Horton ct 1990) was used to generate a 
PCR produce encompassing the abptlSx structural gene 
immediately downstream of the abplM gene, which was 
subsequently cloned into pNZ44 to generate pSFM4* A PCR 
fragment corresponding to atrpT and abpD, the proposed 
genes responsible for AUP-018 transport, was cloned inro rhe 
Ncol and EroRl sites of the Escherichia coli vector pMTL22 
{Chambera et aU 1^B8), directly downstream of the consti- 
tutive lactococcal P27 promoter from rhe Lactacoccus lactis 
phage Tuc20Q9 (D» van Stnderen T unpublished resuki!)» which 
was amplified by PCR using primers containing the restriction 
sires BgtU. and Ncoh Tills construct was tcstricted with B%tll 
and EcoKl; the resulting excised fragment, containing the 
ABP*11S transport operon cloned in the proper orientation 
downstream of rhc conHticucivc promoter, was subeloned 
between the BomHl and £coRI sites of plU t S3, generating 
pSFMW. 

Induction factor syntheses and induction w^yF The ABP 
118 indncnon factor (AbplP) was synthesixed at JvfWG- 
Biotcch and purified to >9S % homogeneity by reverse-phase 
HFLC with an acctonitrile/H.O gradient. The molecular 
mass was verified by matrix assisted laser desorption ioniza- 
tion time of flifiht (MALDl-TOF) MS fVoyagcr-DE; RJ> 
Perspective Biosystems) To assay for biological acrivicy, a 
1CT'' M utoclc solution of AhpIP was prepared in sterile distilled 
water. To lose baereriocin activity (Bac~), a fuHy grown 
odture of Lactobacillus salhwrtus UCCllS was inoculated 
il %) into wort and allowed to grow anacrobically at 37 fl C 
until it was turbid* The CPS wa& AKKaycd for lots of baeteriocin 
activity against the indicators Listeria innocua antl Ratillus 
coagttlettis. The resulting Bac~ culture was inoculated (1%) 
into Wort Containing AhpIP at concentrations of 10~'Mo ,J ' M 
and incubated at 37 °C for IS U was then tested for 
bacrcriocin production, 

RESULTS 

Purification of ABP-118 

The puri£cadon scratcgy and resdes obtained for ABP- 
118 are summarized in Table 2, The final purificarion 
Step was repeated twice to obtain a pure sample. Passage 
through a catiori^eaiichange column prior to FPLC 
decreased die specific activity (Table 2, Fraction 111) but 
resulted in better purification. Upon application of 
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Table 2* Purification of ABM1B 



All rcsuks arc rcprcOTtarivc of three replications 



Purification stage {ft-acriea} 


Vol. (ml) 


total A„« 


1 owl activity 


Specific 


Increase in 


Yield {%) 








(All) 


aoivityt 


specific activity 














(fold) 




Cuiturr sufleranrTint 


2000 


307BD 


64x10* 




1 


100 


Ammonium sulphate precipitate (1} 


100 


BOZ 




G-3&X10 3 


31 


30 


Hydrophobic inceracrian (31} 


20 


31 


2*lxlD ft 


1^1 xlO 6 


629 


32 


CariDn KKchappc (111) 


20 




51x10 s 


753 XlQ* 


m 


fl 


€ 3 /C„ rerase-pkuw: ¥?LC (IV# 


1 


0-26 


4-1 XlO 6 




7644 


64 



» Aa^xvol. (ml), 

f Total acuity (AU) divided by the roral /i^ r 
t Second FW,C step.. 



Fracripn Hi to the reverse-phase cplumn a ABM1S 
activity cluted as a single absorbency peak at 214 nnu 
corresponding co a concentration of about 100% (v/v) 
2-propaJio1 {data not shown). The purified baetctioein 
was found to have the same inhibitory spcOTum as the 
.supernatant of the culture (data not shown), 

Amino add sequence analysis und WIS 

The N-ter'ttliual sequence of the first 29 aa of the peptide 
exhibiting inhibitory activity was determined by Edman 
degradation and generated the following sequence: 
KRGPNXVGNFLGGLFAGAAAGVPLGPAGI (where 
X it) an undetermined amino acid)- Amino acid composi- 
tional analysis did not reveal the presence o£ unusual 
residues (data, not shown) commonly found in die 
lamibioacs, such as lamhlonine, ^-lanthionine or dehy- 
drated residues- The molecular mass of the purified 
bacteriodn activity, as determined by MS, was 
4096*69 Da, indicating that the bacteriodn activity 
corresponded to a single peptide composed of 45 or 
46 aa« 

identification and cloning of ths genetic 
dfetermlrmms for ABM is production 

Using die degenerate primers 3137 (5'-GGNAAACGN- 
GGNCCNAAC-3') and3139 (5MSGGCCCT(A/G)NG- 
GNACNCC-i') 4 a 78 bp PGR. fragment* corresponding 
to the DRA region encoding the 26 N-rcxminal a*nmo 
acids of the mat are ABP-H8 protein* was amplified 
from the genomic DNA of Lactobacillus salivartus 
UCCHBj sequenced to confirm its expected sequence 
and then cloned Into pGEM-T, generating pSFOI . Toral 
or plasmid DNA preparations isolated from Lacto- 
bacillus salivatius UCC1I8 were digested with a range 
of restriction envymes, transferred to a nylon membrane 
and used in a Southern hybridization experiment em- 
ploying the insert of pSFOl as a probe. Hybridization 
signals were observed in specific fragments obtained 
from rota! DNA digests, whereas plasmirf DNA did not 



generate hybridising signal^ indicating chat the ABl>* 
1 18 structural gene is chromoaomally encoded (data not 
shown). In particular* hybridization of the probe was 
observed to an approximately 10 77 kb ficoRJ ebromo* 
somal DNA fragment, Shotgun clqning of an EcolW 
restriction digest of genomic DNA into the EcoRl site of 
pUC1S was performed. Two Escherichia coli transfor- 
manrs were shown, by colony hybridisation, to harbour 
a recombinant plaamid containing the 10-77 kb EcoU 
fragment; one of chese* designated pSF02, was retained 
for sequence analysis. 

Heterologous expression of ABP-11& 

The 10-77 kb bacteriocin-encoding chromosomal frag- 
ment of Lactobacillus saltvarm UCC11S was doned 
into the high*copy-numbcr vector pNZ8048 to generate 
pSR)5, using Escherichia coli as die intermediate host. 
The resulting plasmid was introduced into a number of 
bacterial species which were then tested for their ability 
to produce ABP-118. PSasrnid p,SF05 conferred Lacto- 
bacillus plart&mm NOME 8$2f>, Lactococcus hah 
ILI^OJt and Bacillus cereus ATCC 14579 with the ability 
co produce ABP-118 (Fig. 1). Overnight cultures of the 
transformants produced lower levels of bacteriodn than 
wild-type Lactobacillus saUvaritts UCCllS. In addition, 
when pSF07, a derivative of p$¥05 encoding che entire 
ABP-118 opcron but carrying an in-frarnc deletion in the 
abpUBft structural gene (see below), was introduced 
into Lactobacillus plantarum NCIMB 8826 and Lacto- 
cqggus locus IL1403 the resulting transformants failed to 
produce bacsedocin (data not shown). Thus, deletion of 
one of the ABP418 structural genes results in che loss of 
bactcriocin production. 

Sequence analysis of the &bp11& fjene c]u*t«r 

The complete nucleotide sequence of the 1077 kb £coRl 
fragment was determined by a primer-walking strategy, 
the analysts of which showed that the fragment consisted 
of 1076*? bp and revealed the presence of 16 eomplece 
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Hp* f „ JnhtMtory activity of o twofold serial 
dilution of ABM IB secreted by Lactobacillus 
plnntawm NQMB 8826, Lvctucoctus fyctis 
111 403 or ffflcf/fi/s ccreus ATCC 14579, 
containing cither the control plasmid 
pNZB04S (upper panel) or pSFOS (lower 
panel)* Bacillus cc&gutens was used as the 
indicator strain. Numbers above the weKs 
correspond to the CPS diction In each well, 
1, Undiluted CF5; 2, 1 :2 dilution of CF5; 3, 
1 :4 dilution ot CFSf 4. t :B dilution of CFS. 
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Production/ 
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Rg„ 2. Graphic illustration Df the abpUS locus showing 10 potential ORFs (indicated by arrows), ORFs with a deduced 
function In the production and secretion of active are denoted by the prefix vtip fces Remits fof explanation). 

The preiencc Df putative transcriptional terminators CTt and T2) ts indicated by vertical solid bars. Sections of the 
3ppT IB locu? assumed to be dedicated to production/immunity, regulation and transport ore indicated 



putative ORJFy and two incomplete ORFs (Fig- 2; ORFs 
were numbered 1^18, hut some were re-named if a 
function could be assigned so thrir encoded products). 
The ORFs were identified based on the adopted criteria 
rliar an OR? consists of at least 35 codons preceded by 
a potential Shine-DaJgarao sequence at an appropriate 
distance [6-15 bp} from one of the commonly used 
Iniciarion eodons (AUG, UUG, GUG) (Huky & 
Reynolds, 1987). ORF*i 3H6 were all oriented in dte 
same direction- ORF1 and ORF2 (located upstream of 
ORFs 3-16} and ORF17 and ORF18 (located down- 
stream of OlUKs 3-16) were oriented in the opposite 
direction {fig. 2} r ORF4 appeared to employ a GUG 
translation initiation codon, whereas ORFll [abpR], 
ORF13 {abp'S)* ORF15 and ORF16 were assumed to 
initiate translation from a UUG start codon. All of the 
remaining ORFs appeared ro use an AUG initiation 
codon, A pair of short direct repeats with a single 
mismatch were located in the non-eodinR region be- 
tween ORF4 and ORf 5 [CTTATAGGG{12nt)LTf CT- 
AGGG], Inverted repeats Typical of rfjo-independem: 
transcription-termination signals (Tinoco et aL 3 1973) 
were found one nucleotide downstream of ORf 2 (Tl) 
and 35 bp downstream of ORF16 (T2), respectively 



Analysis of the rjehe Jjrotfuets encoded by the 

The primary structures of the deduced products of 
ORFs 3> 4 5 5 S 6, 7 and 9 (Table 3) all resembled Class II 
haeterioctn precursors, which are typically small, cano- 
nic, bactenociovlike peptides containing doublc-gly cine- 
type leaders and having relatively high pi values 
(Hdvarstejn et al.> 1994; Ncs at ai t I99b)« The leaders 
of ORF3, 6, 7 and 9 conformed closely ro the consensus 
leader sequence proposed by Nes et ah \\9%), having 
hydrophobic residues present at positions -4, -7, 
— 12 and — J 5 and hydrophilie residues at positions —8, 
-10 and -JL ORF4 and ORFS only possessed the 
consensus amino acids at positions —4, —10, -tl 
and -12 (Table 3), 

Based on the N-tt?rmina]-amino-acid sequencing results, 
thegeue encoding ABP-1 J 8 activity, design mdabp 1 
corresponded to ORF6 (Fig. 2), No noticeable difference 
was observed between the calculated and experimentally 
determined molecular mass of the mature AbpllSw 
product, indicating the absence of any major post- 
translational modifications. Both abpUftz and ORF7 
(designated abpUty)^ located directly downstream of 
abplJS&t exhibited significant sequence similarity to 
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Table 3- Pre-peptfdes of the abp118 locus containing double-glyrine leader sequences 
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Hydrophobic residue j O, HydrophiKe residue- The arrow indicates the conserved cleavage site, 
t Suited consensus sew cacti (Ncs et <tl tt 1296). 



Tabl» 4, Similarities observed for the proteins specified by the identified ORFs of the abp118 gene cluster to their 
homologues 



Only the best retches, are spowp. The P value* were derived from the JBLASTJ? score and represent the probability thee die observed 
similarity rvid occurred hy chance low P-valyc* indicate a high probability of two proteins being *crucrurany relisted. 



OKI? (gene) 


Size (aa) 


Homologuc 






Comment 


£«valne 


Msuch (%)• 


Ref^jmce 


ORFl 


150 


Accessory transport protein, brochodn-C system 


(KSG 


12 (158} 


McCormick et at 


OKF2 


a? 


Ho homato^es 












h-csnlivnridn B of loctobadUu* iditwlus M6 




98(57) 


CAB63l09f 
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50 


No homology* 
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Ehrmann a/- (2000) 
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Ptontnricin 1 of Lfjtfokfjctfto* fkwtwvm 




WW) 


ORFB (nfcpIM) 


55 


No homologies 






H5vamdn et at (1996) 


ORF9 (d&pJP) 


38 


Competence phcromane of Sirrptt>coc.cus 




Z0 (50) 






gOldonii 


I x wr« 






ORF10 (tftyK) 


42£> 


Hisridinc kinase, carnobaermocin A system 


32.(425) 


Franz ^ al (2fi00) 




264 


RcfpoNpe regulator* <!ATHobac?t:ripan A system 


5x10^ 


36(254} 


Fran? a/- (2000) 


OfUUl 


7? 


No homologucs 








ORH3 (fftpD 




ABC transporter, plftnwrlcm A system 




69 (7]6) 


Dicp c| ^ (J 994) 


ORFI4 (o^pD) 


3S4 


Accessory transport protein, Kakatin A syGCcrft 




40 [m) 


Axelsson & Holclc {199$) 


ORF15 


70 


No homologies 








ORFlo 


F4 


No homoiogucs 








DRFP 


tf« 


Ho homolo&uc* 








ORFlS 


GO 


Ho homologies 









*Jhc number of amino ^cids ovw which the percentage match was determined h shown in parentheses, 
f Accession number of sequence stihrmtred direcdy to EMBL Database, 



each other as well as to a number of putative Class II 
prc-bactcriocin peptides (Table 4). Some of rbese pn> 
bactiiriociri peptides correspond ro onu member of a 
Class Ub rwo-component bscteriocjn. This similarityj 
which was pardicuJariy pronounced in the Nkerminal 
region of these protcinsj, wae due mainly to the conserved 
residues to the leader sequence, common to most Class 
II pre*bacteriocins» whereas the rnarure peptides showisd 
limited similarity to a:ny previously described bacterio- 



cin, Abpll8/? was found eo constitute the second peptide 
of a two-component bacteriocin (see below). Abpll&a 
and AbpilS/?had a high proportion of glycine residues 
(28-9 and 32<6% s respectively) spread evenly along their 
entire length; this appears to be a common feature of 
Claas H bactcriodnp (Kl?icohamme:rj 19^3) s probably 
allowing these peprides a high degree of conformational 
freedom (Hnnahar et aL, 2000), OKF8, designated 
abpIM and encoding inmunity ro the antimicrobial 
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& (a) Bacteriorin activity and extra- 
cellular complementation, nf iji<s AbpljBa 
and AbpHBj? peptides* CFS (25 plj of Laczo- 
baalius pfarrtarqm NCIMB B826 containing 
pSflvK (Abp118a> and CFS (25 ul) lacto- 
badllus ptontarum NCtMB SB26 containing 
pSFM2 (Abp1 180) was added to the wells in 
pJatm seeded with the ABP-1 IB-sensitive 
indicator ifcterfo Jhnoo/a. CB I25ul) from 
each culture was mixed and ihen added to 
the well labelled Abp118B+At»pn»A W 
'Concentrated CFS' (2Sjil> of Lactobacillus 
ptlantnrum NCIM& containing p5FM4 
(Abp1ie«} ancj 'concentrated CFS ' (25 ul} of 
Lactobacillus plantarum NCIMB 8826 con- 
taining p5FM2 (Abp11fy9) were added to 
adjacent wells in plates seeded with the 
ABIMIB-sensitive Indicator Listeria frmocva* 
(c) Sensitivity of Listen? rnemocyrogeries 
ScottA containing pNZ44 (upper pane!) and 
Listeria monocytogenes ScottA contain/ng 
pSFM3 flower panel) to p twofold serial 
dilution of concentrated A8P-1T8 (S1600 
AUmt~ 1 J. 



activities of the Lactobacillus $alwarht& U CQ 1 8 culture^ 
was located immediately downstream of abpll&x and 
abpUSfi (sec below)* The deduced prptuin of ORF3 was 
nearly identical to the antibacterial peptide precursor 
praaiivaridn B (accession no, CAB63I09) (Table 4), 
differing by only one amino acid at residue 42* The 
deduced product of ORF4 was very similar over its 
entire length to the peptide product of ORFS 5 which 
extended for another IS aa (Table 3), 

The proteins encoded by ORF9 (designated abpIV), 
ORF10 (designated abpK) and ORFll {designated 
abpK) exhibited significant sequence similarity to a 
small, canonic competence plicroraonc with a double- 
glyrinc-type leader, to histidine protein kinase and to 
response regulator protein^ respectively (Table 4), 
These three associated genes therefore seemed to rep- 
resent a so-called three-component regulatory system, 
similar to those involved in me control of several Class 
II bacwiodns (Kleerebezem et at., 1997 ; Nes & Eijsink, 
1999 ; see below). 

The protein products of the adjacent downstream 
positioned genes ORF1.3 and OftP 14 exhibited high 
similarity to ABC-transporter and accessory proteins, 
and these genes were designated as abpT and a]>pD, 
respectively (Table 4). It is well established that the 
secretion of bacceriocta peptides possessing a double- 
gtycint-type leader is mediated by a dedicated trans- 
membrane translocator belonging to the HlyB ABC- 
transporter superfamily and an accessary protein 
{Hdvamein et aL, 1995; Ncs et ai t 1996), 

ABM 18 is composed of two peptide 

To establish whether both abptlSa and abpH&p were 
essential for bacceriocin ABP418 production abpllSx 
and abplltip were cloned both separately and in 



combination upstream of an intact ahplM immunity 
gene (see below)* under the control of a constitutive 
lactoeocea] promoter in die expression vector pNZ44. 
The resulting transformants were called pSFMl, p>SFM2 
andpSFM4 (Table 1). Subsequcndy, pSFMlwas intro- 
duced into Lactobacillus pbmtantm NCIMB R826 with 
and without the construct pSFMT6 s encoding the 
putative ABF-llS transport and processing genes abpT 
and akpD* which also under the control of a 
constitutive lactococcal promoter. Only lActohacUhts 
plantamm NCIMB 8826 transformants containing both 
pSFMI and pSFMTG were capable of producing ami* 
microbial activity. The inhibition observed against the 
indicator strain was eliminated when the CFSs of these 
transformants were created with 50 ug proteinase 
K ml" K confirming the expected proteinaeeous nature of 
the inhibitory compound. This implied that abpT and 
alrpD were necessary for the production of active ABP- 
US in the CFS of a heterologous strain, and it was 
assumed that these genes encode the dedicated transport 
and processing funcrions n 

Lactobacillus plantanm NCIMB 8826 clones containing 
either pSFM2 or pSFM4 in conjunction with pSFMT6 
were assayed for inhibitory activity by the agar well- 
diffusion assay against the indicator Listeria innocua 
(Fig. 3). Mo zone of inhibition waE observed surrounding 
the wells containing the CFSs of either the pSFM2 or the 
p s SFM4 transform ants , However, when the CFSs of each 
transformant type were placed in wells adjacent to each 
other^ a zone of enhanced inhibition was observed 
between the wells (Fig, 3a), The inhibitory activity of the 
CFSs of both tr ansform ant types was concentrated 200- 
fold by ammonium sulphate precipitation^ res uspension 
and dialysis (see Methods), When the ' concentrated 
CFSs* from both transformant types were assayed for 
inhibitory activity, it was found that pSFM4 transfor- 
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mants possessed antimicrobial activity, whereas none 
was associated wich rhe concentrated CFS of p.SFM2 
cransformants (Fig- 3b). The strongest zone of inhibition 
was observed between the wells* indicating that the 
concentrated CFS of pSVMl transformants retained its 
ability to enhance che intrinsic inhibitory activity asso- 
ciated wich che concentrated CFS of p5FM4 transfor- 
mints (Fig. 3b) > Enhancement of the antibacterial 
activity in the CFS of transformants containing either 
pSFM2 or pSFM4 with the CFS of transformancs 
containing; pNZ44 as a. control was not observed (data 
not shown), 

ORFB represents thfr gene involved in conferring 
immunity to ABP-1 13 

The assumption that ORF8, designated here as abplM 
and located down&tream of tibpllftfa encoded immunity 
was largely based on che fact chat in many bacteriocin- 
encoding Rene clusters the immunity gene is located 
immediately downstream of che structural gene(s)i and 
that such immunity-conferring proteins arc hydrophobic 
(Nes et 1996). An expression clone, pSFM3, con- 
taining only abpJM was constructed to confirm the role 
of this gene in immunity to AliP-118. Plasmid pSFM3 
was introduced into Listeria monocytogenes ScottA, 
which is sensitive to ABP-11S, and this strain was 
subsequently used as an indicator. Listeria transfbr- 
mants of pSFM3 were immune to 2160QAU ABP 
1 18 ml ' \ althoqgh they were not completely immune to 
ABP-418 at the highest concentration (51200 AU ABP~ 
118 mr 1 } (Fig, 3c). Thus, the insert on p£FM3 is capable 
of conferring ABP-llS immunity to a previously sen- 
sitive strain. 

BaeteHorin production is [rjducrble In Lactobacillus 
^/rVarrUsUCCtlS 

Spontaneous loss of bacreriodn production wat; nor 
observed when standard cultures of Lactobacillus salt- 
variitt UCC1 IS were diluted 10* * times or more in MRS 
medium, as has been observed for many three-corn * 
ponent regulated Gass Ti bacceriocin-produchng bacteria 
{Ncs & Eijsink, 1999). However, production of ABM18 
was abolished when Lactobacillus sativatius UCC118 
Was grown in wort* Once Lactobacillus sdivarius 
UCC118 had lost the ability to produce bactcriocin 
(Basf )i subcultures from it continued to be Basf when 
grown in wort. The addition of sterile CFS from a Bac + 
culture of Lactobacillus salivarhts UCCllfl induced 
bacteriocin production, whereas CFS derived from a 
Bac culture did not The inducing component was lost 
after treatment of the CFS with proteinase K, indicating 
that the culture contained a protein component that was 
indispensable for maintaining bacteriocin production, 
To determine whether the product of abpl? was the 
induction focyorfor ABIM1 8 production, the chemically 
synthesized mature peptide (AbplP) was used to induce 
bacteriocin production in aBac" culture of Lactobacillus 
jtaUparhis UCC118 grown in wort- Addition of kbpW at 
concentrations above IQ~™ M restored bacteriocin pro- 




Fig. 4. Inhibitory activity of ABM 18 against the indicator 
fladflus comuhns. Inhibitory activity of ABP-i IB in; 1, the Cf=S 
of wild-type Lactobacillus stirmrius 0CC11B; 2« a Bar derivative 
of Lactobacillus salivarius UCC118 subcultured in wort; 3, a 
BaC derivative of tactefcactf/us satlvanus UCC119 tub cultured 
in wort containing 2D ^1 of CPS from q Bac 1 cuiture 
of iMtobtttittvt $&li\®rit& UCCHflj 4, a Bar derivative of 
Lactobacillus sativarius UCCJ1B subcuitured in wort containing 
20 pi of CFS from a Bat' euhure of t,mobzdllu$ salimius 
UCCttS treated with proteinase K; 5, a Bar derivative of 
Lactobacillus safivarius UCC118 subcultured in MRS; 6, a Bsc" 
derivative of lectobacittus salivarius UCC11& suixultured in 
wort containing 10-°M AbplP; and 7, a Bac" derivative of 
Lactobacillus sativarius UCC118 subcultured in wort containing 
10^ M AbplP treated with proteinase In- 



duction (Fig, 4). When inoculated into wort without 
AbplPj the Bac™ culture failed to produce bacteriocin 
and served as a negative control Proteinase K-treated 
AbplP did not induce bacteriocin production. den> 
onstrating that che observed induction was Abpl? 
specific 4). In all eascs> whether bacteriocin 

production was switched on or ort following growth in 
worr 7 subsequent subculturing into MRS broth resulted 
in bacteriodn-produdng cultures, 

DISCUSSION 

This paper describes the identification and genetic 
analysis of a novel chromosomal locus responsible for 
the production of a two-component bacteriocin, ABP- 
118, from the probiotic bacterium Lactobacillus salh 
varius UCCL18, which was originally isolated from a 
human intestinal tract (Dunne ct aL, 1399), To oar 
knowledge, this is the first published report on the 
genetic characterization of a bacteriocin focus from a 
human-derived probiotic strain, AEP418 is an intri- 
guing broad-spectrum antimicrobial* since it is capable 
of inhibiting a number of food-boine and medically 
significant pathogens* including Bacillus Listeria* En* 
icrococcus and Staphylococcus species, without an 
apparent antagonistic activity to wards related LAB 
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strains* with the exception of Lactobacillus fermentum 
KLD (Dunne <?t at? 1999) ■ In many cases* bacreriocins 
produced by LAB inhibit species chit art closely related 
to the producing strain (Marcisct et al> 1597). 

Our results indicate chat the antimicrobial activity arises 
from the complementary action of two closely related^ 
email, unmodified cationic and hydrophobic peptides, 
termed AbpllS* and Abpll8£ The AbpUS* peptide 
possesses inhibitory activity when concentrated, and 
this activity is enhanced by the presence of the AbpllJty? 
peptide, which on its own has no associated bacteriocin 
activity. This makes ABM 18 a member of the Class lib 
bacteriorins. In some rwo»peptide systems, including 
lactococcin G and brocbocin-C, both peptides are 
needed for activity (Nissen-Meyer et ai^ 1992; 
Mc Co rmick et at., 199%) . I n others, such as Jacticin P an d 
rhermophtlin 1), one or both peptides exhibit low bur 
measurable inhibitory activity on their own, but she 
combined action of both peptides enhances the activity 
much more than the additive effect of die peptides acting 
independently (Allison et al t Marcisct el aL 7 

1997). 

The g;enes responsible for ABIM18 production were 
located on a ehromnsomally derived 10-77 kb DNA 
fragment, and this locus was sufficient to support the 
heterologous expression of active antimicrobial activity. 
The organisation of the (putative) genes required for 
A&F-lttJ production, secretion and regulation is similar 
to that of other Clews U bacteriocin gene clusters (Nes et 
alx \99t>). The adjacent genetic elements abpllB*. 
ahpWtfl and abplU were identified ae the structural 
gene, the enhancer gene and the putative immunity gene, 
respectively, for ABP-ltJL When expressed in Listeria 
monocytogenes ScottA, abplM conferred only partial 
immunity to the highest bacteriocin level used and this 
partial immune phenotype may be due to lower levels of 
transcription of abplM. under the control of a lactocoo 
caJ promoter in this heterologous host, 

ABTM18 production appears to be controlled by a so- 
called three-component quorum-sensing regulatory sys- 
tem consisting of AbpIP, AbpK an pi Ahpfc (Brurberg et 
aL t 1997; Dkp etaL, 2000; KJcerebeKcm et al ¥i \997\ Nte 
Si Eijsink, 1999). In a situation similar to that observed 
for sakacin A production by Lactobarilhts sakzi 
LTH673, Lactobacillus saUvaritts UCC11S does not lose 
ihcBac 1 pbenotype upon extreme dilution of the cuWe 4 
a strategy used successfully for obtaining * Bac~ 
phenotypE for other baeteriodn systems (Diep et #L t 
2000)* Down-regulation of bacteriocin production is 
known to occur under different environmental] condi- 
tions. Changes in growth media* temperature and pH 
can induce spontaneous Joss of bacteriocin production 
(Brurberg et aL, 1397; Diep et ai, 2000)- Growth of 
Lactobacillus satiuariits UCC118 in wort resulted in a 
Bac" phenorype; reversion to a Bap 4 phenotype was 
observed only when wort was supplemented with 
chemically synthesized AbpIP or with CFS„ Analogous 
to other systems, it is likely that bacteriocin production 
in Lactobacillus salsvarius UCCHS is controlled by an 
auto-induction mechanism involving the secreted pep- 



tide pheromonc AbpIP, Further investigations are re- 
quired to determine cht? nature of the constituent (s} in 
wort which affect regulation of bacteriocin production. 

Lactobacillus saliuarhts UCC11S appears to have the 
genetic potential on the 10-77 kb EcoKl fragment to 
produce several other Class II bacteriorin-like peptides. 
It is not uncommon that identical bacteriocins are 
produced by different strains of the same species, or by 
different bacterial species belonging to the same genus 
(Ennahar et 2000). ORK3 specifics a peptide that is 
almost identical to presalivarrcin B, a bacteriocin pro- 
duced by Lactobacillus salivarms M6 (ten Brink et ah* 
1954)- An interna! deletion in the abpll$x gene abo- 
lished all bacteriocin production in the heterologous 
hosts iMtohaciUus ptantarum and Lactococcus lactis 
This leaves the possibility that the presalivari- 
dn-B-en coding gene is not expressed, is not processed 
and/or secreted, or that the single amino acid difference 
could have rendered the OR F3 -specified peptide in- 
active, Similar single amino acid changes have been 
shown to have a profound effect on the biological 
activity of carnobacteriodn B2 and mesentcricin Y 
(Fleury et aU 1996* Quadri et aL 1997), 

To our knowledge, this is the first published report of a 
bacteriocin isolated from a probiotie strain of human 
origin to be purified and genetically analysed- Although 
the health-contributing effects of a bacteriocin-produc- 
ing bacterium may be difficult to measure it may be 
obvious that the ability to inhibit growth of or to kill 
possible pathogenic bacteria in the gastrointestinal tract 
will not only give this bacterium a competitive ad- 
vantage within this environment but will also directly 
benefit the human hnst. Localized bacteriocin produc- 
tion is an important attribute of probiotie stiainsj 
enabling them ro become established and to dominate 
their environment, In addition to the abpl 18 structural 
genes* l<aaohaciltus saUvarius UCC1I8 appears to 
contain genetic information encoding additional bac- 
teriocin -like peptides, which are either nor hioactive or 
not expressed/secreted, or which do not affect the 
indicator strains used in this study Future investigations 
on die abpllti locus are continuing and will, among 
other things, focus on the regular ory aspecrs of ABP4 IS 
production. 
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